A 64-year-old man was admitted to our hospital for the hormonal evaluation of a right adrenal adenoma. He had been diagnosed with severe proteinuria and hypertension, and antihypertensive treatment was started at the age of 60. His renal function gradually declined, and hemodialysis was begun at the age of 64. Since his blood pressure was uncontrollable and resistant to antihypertensive treatment, an endocrinological examination was performed for an incidental right adrenal mass detected by computed tomography. The results of screening, including captopril challenge and an adrenocorticotropin stimulation test for primary aldosteronism, and adrenal venous sampling suggested excessive aldosterone secretion from the right adrenal gland. Adrenalectomy was performed; his blood pressure decreased and became well-controlled with a reduced antihypertensive regimen. Furthermore, he received renal transplantation which resulted in normalization of his serum potassium level, improvement of renal function and hormonal levels such as plasma renin activity and aldosterone concentration, and satisfactory blood pressure without any antihypertensive medications. This case is extremely important to demonstrate the effects of adrenalectomy for primary aldosteronism in a hemodialysis patient. It is possible that adrenalectomy may be a useful treatment for primary aldosteronism even in patients undergoing hemodialysis. Careful long-term follow-up of our case and investigations of the efficacy of adrenalectomy in similar cases are needed to address this issue.
Introduction
In patients with primary aldosteronism (PA) undergoing hemodialysis, it is hard to expect normalization of high blood pressure even after adrenalectomy due to the existence of renal parenchymal hypertension. These patients are at high risk for cardiovascular complications in addition to hypertension. Therefore, ongoing debate exists on whether adrenalectomy is recommended for the treatment of patients with PA undergoing hemodialysis. Herein, we report a very rare and valuable case of PA due to unilateral adrenal adenoma, in which complete remission of hypertension occurred after adrenalectomy and renal transplantation.
Clinical course
A 64-year-old man was admitted to our hospital for hormonal evaluation of a right adrenal adenoma that was detected by abdominal computed tomography (CT). He had been having hypertension for 15 years and revealed proteinuria (0.5 g/gCre) without microscopic hematuria or casts with renal impairment (serum creatinine 5.36 mg/dL) which was too severe to be applicable for renal biopsy at the age of 60. He was diagnosed to have hypertensive nephrosclerosis clinically after ruling out other diseases to cause secondary kidney diseases including collagen diseases, hepatitis B or C, amyloidosis, and diabetes mellitus and antihypertensive treatment was started. However, his renal function gradually declined, until, finally, hemodialysis was begun at the age of 64.
On admission, physical examination showed that his height was 180.5 cm and body weight was 84.5 kg. His blood pressure was 152/98 mmHg and pulse rate was 72 beats per minute under treatment with oral antihypertensive drugs such as amlodipine, a calcium channel blocker (CCB), and telmisartan, an angiotensin II receptor blocker (ARB). Laboratory and endocrinological findings are shown in Tables 1,  2 and 3 . Laboratory findings revealed: hemoglobin 11.4 g/ dL, serum sodium 141 mEq/L, potassium 4.2 mEq/L, calcium 7.5 mg/dL, inorganic phosphorus 5.8 mg/dL, creatinine 7.05 mg/dL, and hemoglobin A1c 5.1%. Calcium-phosphorus imbalance appeared due to chronic kidney disease, while his serum potassium level remained within normal range in spite of his renal dysfunction. Chest X-ray and echocardiography revealed mild cardiomegaly and moderately reduced left ventricular contraction, respectively. Plain CT imaging revealed a low-density mass of 20 mm in diameter on the right adrenal gland (Fig. 1 ). Endocrinological findings were as follows (Table 2) : intact parathyroid hormone was elevated (492 pg/mL) due to secondary hyperparathyroidism.
His cortisol was slightly elevated (20.5 μg/dL), however, adrenocorticotrophic hormone (ACTH) was not suppressed (42.1 pg/mL). Adrenomedullary functions (plasma epinephrine, 12 pg/mL; plasma norepinephrine 74 pg/mL; urinary epinephrine excretion, 2.6 μg/day; urinary norepinephrine excretion, 74 μg/day) were normal. Plasma renin activity (PRA) was suppressed, accompanied by elevation of plasma aldosterone concentration (PAC) (PRA, < 0.1 ng/mL/h; PAC, 320 pg/mL), resulting in elevation of the PAC to PRA ratio to over 200, suggesting that the right adrenal mass was an aldosterone-producing adenoma. Therefore, an endocrinological screening test for PA was performed after admission to our hospital without discontinuing the CCB and ARB. The results of the captopril challenge test (PAC to PRA ratio was over 200 at 60 and 90 min after stimulation) and ACTH stimulation test (max PAC to cortisol ratio was 11.5) met the clinical criteria for the diagnosis of PA (Table 3) . Therefore, adrenal venous sampling (AVS) was performed. The results of AVS, after ACTH loading, were as follows: PAC and cortisol values were 66100 pg/mL and 1519 μg/dL in the right adrenal vein and 977 pg/mL and 82.4 μg/dL in the left adrenal vein, respectively. The lateralized ratio (PAC to cortisol ratio of the right adrenal vein/PAC to cortisol ratio of the left adrenal vein) was 3.66, and the contralateral ratio (PAC to cortisol ratio of the left adrenal vein/PAC to cortisol ratio of the inferior vena cava) was 2.43. Although the contralateral ratio was not indicative of excessive secretion of aldosterone from the right adrenal mass, the apparently high absolute PAC value at the right adrenal vein suggested excessive aldosterone secretion from the right adrenal gland. The patient was not treated with mineralocorticoid receptor antagonists (MRAs) before adrenalectomy, because it was performed just after the diagnosis was made. Right adrenalectomy was performed; pathologically, macroscopic feature of the cut surface showed a bright yellowish solid mass. Additionally, the adrenal mass was composed mainly of clear cells with positive immunoreactivity for adrenal aldosterone synthase enzyme (CYP11B2), consistent with pathological diagnosis of an aldosterone-producing adenoma (Fig. 2a-c) . After right adrenalectomy, the patient's blood pressure declined gradually without administration of ARB or methyldopa, and the dosage of CCB was reduced (Fig. 3) . After receiving renal transplantation, blood testing revealed that the patient's creatinine level had decreased to 1.06 mg/ dL, and his blood pressure returned to the normal range without any antihypertensive medications. Additionally, in terms of hormonal changes, PAC decreased from 320 to 211 pg/mL and PRA rose from < 0.1 to 2.8 ng/mL/h. 
Discussion
Although several tests are recommended for the diagnosis of PA, the testing conditions such as medications, potassium status, and dietary sodium, etc., interfere with the results of these tests [1] . In hemodialysis patients having impaired renal function and an altered renin-angiotensin-aldosterone system (RAS) and potassium balance, the diagnosis of PA is difficult. In dialysis patients, the elevation of aldosterone level which was triggered by the electrolyte imbalance may be observed. Consequently, this hormonal environment may affect the interpretation of AVS data. The contralateral ratio calculated by AVS data display the degree of suppressed aldosterone level in the unaffected adrenal gland. Taking the elevated circulating aldosterone level in ESRD patients into consideration, we presume that the degree of suppressed aldosterone level could be masked in the unaffected adrenal gland. Therefore, in end-stage renal disease (ESRD) patients, contralateral ratio is unreliable for the interpretation of AVS data.
It has been reported that PA patients have a higher prevalence rate of cardiovascular damage than age-and blood pressure-matched patients with essential hypertension [2] . In addition, PA patients have greater renal damage than patients with essential hypertension [3] . The glomerular filtration rate (GFR) has been shown to be increased in PA patients [4] . Normalization of aldosterone excess by either adrenalectomy or MRAs restores intrarenal hemodynamics, corrects GFR, and decreases urinary albumin excretion [4] . Although GFR decreases during the initial few months after either surgical or medical treatment, renoprotective outcomes can be expected in the long term in these patients [5] . Therefore, it is possible that these treatments may be significant in protecting renal function in predialysis chronic kidney disease patients and renal transplant patients.
Long-term elevations of aldosterone occur in hemodialysis patients [6] . Aldosterone induces early atherosclerosis and promotes inflammation through the activation of mineralocorticoid receptor-regulated genes [7] . A significant correlation between PAC and left ventricular mass has been observed in hemodialysis patients [8] . Therefore, an excess of aldosterone in hemodialysis may be a therapeutic target for MRAs. Previous reports have demonstrated that administration of MRAs decreased predialysis systolic blood pressure in hemodialysis patients, especially in oligo-anuric patients, without changes in predialysis or postdialysis serum potassium, PAC or PRA [9, 10] . These findings suggest that MRAs lower blood pressure by the antagonism of non-and extra-renal mineralocorticoid receptors or interactions with glucocorticoid receptors [11] . Although MRAs increase the possibility of risk for hyperkalemia, a previous clinical study demonstrated that low-dose MRAs lower blood pressure and concomitantly improve left ventricular ejection fraction and hypertrophy in maintenance hemodialysis patients [6] . Lowdose MRAs have been found to reduce cardio-cerebrovascular events and all-cause mortality in hemodialysis patients [12] . Although the potential benefits of the use of MRAs in hemodialysis patients need further study, the blockade of mineralocorticoid receptors may be profitable in managing these patients.
The disparity of the long-term effects on cardiovascular events between adrenalectomy and MR antagonist treatment remains undetermined. However, it has been reported that surgical treatment is significantly associated with amelioration of hypokalemia and secondary hypertension in patients with unilateral PA [13] . Additionally, risk of hyperkalemia may be higher among MRA-treated patients undergoing hemodialysis. Therefore, it could be possible that unilateral adrenalectomy may be more beneficial for PA patients undergoing hemodialysis than MR antagonist treatment. However, hemodialysis contributes to the risk of postoperative mortality and was considered as high risk group for anesthesia [14] . If the risk of postoperative severe morbidity and mortality is predicted before operation, the MR antagonist medication should be prior to surgical treatment. The patient did not have any special risk for anesthesia or operation. For these reasons, we selected adrenalectomy for this patient.
Recent studies have indicated a high prevalence of PA in hypertensive patients [15] . It is possible that there is a high incidence of PA even in maintenance hemodialysis patients, although the incidence has not been well-documented. A couple of case reports have described PA diagnosed in 
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Adrenalectomy Renal Transplantation PAC 320 pg/ml PRA <0.1 ng/ml/h PAC 211 pg/ml PRA 2.8 ng/ml/h Fig. 3 Clinical course of the current case. Filled diamond, systolic blood pressure; filled square, diastolic blood pressure. CCB calcium channel blocker, ARB angiotensin II receptor blocker, PAC plasma aldosterone concentration, PRA plasma renin activity, sBP systolic blood pressure, dBP diastolic blood pressure hemodialysis patients, to whom spironolactone treatments were administered but adrenalectomy was not performed [16, 17] . In addition, there are a couple of case reports describing PA patients on dialysis who underwent adrenalectomy. Kojima et al. [18] performed adrenalectomy in a hemodialysis patient with PA. They reported improvement of aldosterone excess, but did not comment on the blood pressure-lowering effect, because hypertension was not noted in this case. Nakada et al. [19] reported a peritoneal dialysis patient with PA who showed only slight decrease of blood pressure without achieving complete remission of hypertension after adrenalectomy. Therefore, there have been no case reports showing complete regression of hypertension after adrenalectomy for PA in dialysis patients. One of the reasons may be the fact that blood pressure normalization is difficult to achieve due to the existence of renal parenchymal hypertension. In the current case, the patient's blood pressure, in addition to serum potassium and hormonal levels, became normalized after adrenalectomy, which was performed in anticipation of cardiovascular and renoprotective effects and a post renal transplant blood pressure-lowering effect. Therefore, the current case is extremely important to demonstrate the effects of adrenalectomy for PA in a hemodialysis patient. This case showed the possibility that adrenalectomy for PA may be a useful treatment even in patients undergoing hemodialysis. Careful long-term follow-up of the current case and investigations of the efficacy of adrenalectomy in similar cases are needed to address this issue.
In conclusion, hemodialysis patients have a high prevalence of cardiovascular diseases. Overproduction of aldosterone may be associated with increased cardiovascular diseases in patients with ESRD. Therefore, when an adrenal mass is detected by abdominal imaging, a diagnosis of PA should be made carefully. In patients undergoing hemodialysis, the potassium balance, RAS and blood pressure levels are altered, making the diagnosis of PA difficult. If PA is diagnosed in hemodialysis patients, adrenalectomy in addition to renal transplantation may be an alternative strategy for the treatment of these patients. Future clinical studies investigating patients like ours need to be conducted to establish therapeutic criteria for PA in hemodialysis patients.
